Objective The purpose of the present study was to examine the relationship between thrombocytopenia at baseline and in-hospital outcomes in unselected patients undergoing elective percutaneous coronary intervention (PCI) in Japan. Methods Among a total of 1,247 consecutive elective PCI-treated patients, patients with a baseline platelet count 150,000-449,000/μL and 50,000-149,000/μL were assigned to the normal platelet (n=1,009) and thrombocytopenia (n=226) groups, respectively. The thrombocytopenia group was further divided into the mild thrombocytopenia (100,000-149,000/μL, n=187) and moderate thrombocytopenia (50,000-99,000/μL, n=39) groups. Results The angiographic success rate of PCI and in-hospital mortality rate did not differ to a statistically significant extent between the normal platelet and thrombocytopenia groups or between the mild thrombocytopenia and moderate thrombocytopenia groups, whereas the moderate thrombocytopenia group had a significantly higher rate of access site-related bleeding complications than the normal platelet group. According to a multivariate analysis, moderate thrombocytopenia was an independent predictor of access site-related bleeding complications. Conclusion Among patients with mild to moderate thrombocytopenia, elective PCI might be feasible and effective in the short term; however, more attention should be paid to access site-related bleeding complications, particularly in patients with moderate thrombocytopenia.
Introduction
Drug-eluting stent (DES) implantation has been a mainstay of the interventional treatment for coronary artery disease (CAD), and dual antiplatelet therapy (DAPT) with aspirin and thienopyridines such as clopidogrel or prasugrel for more than 6 months is a standard antiplatelet therapy for CAD patients undergoing DES implantation (1) . Despite the efficacy of DESs in inhibiting in-stent restenosis (ISR), DAPT-induced bleeding complications have attracted more attention, particularly among patients with a high of hemorrhagic complications, such as those with thrombocytopenia. However, no guidelines and only several reports are available on the safety and tolerance of antiplatelet therapy/percutaneous coronary intervention (PCI) in CAD patients complicated with thrombocytopenia at baseline (2) (3) (4) (5) (6) . The purpose of the present study was therefore to examine the prognostic impact of baseline thrombocytopenia on in-hospital outcomes in unselected Japanese patients undergoing elective PCI in a real-world setting.
Materials and Methods

Patient population
From January 2012 to December 2016, 1,247 consecutive patients undergoing elective PCI in our hospital were enrolled in the present study. Among the study population, patients with a baseline platelet count of ! 450,000/μL or <50,000/μL were excluded. Patients with baseline platelet counts of 150,000-449,000/μL and 50,000-149,000/μL were assigned to the normal platelet group (n=1,009) and thrombocytopenia group (n=226), respectively. The thrombocytopenia group was further divided into the mild thrombocytopenia (100,000-149,000/μL; n=187) and moderate thrombocytopenia (50,000-99,000/μL; n=39) groups. We retrospectively compared the clinical background, preprocedural antiplatelet/anticoagulation medications, acute results of PCI, and in-hospital prognosis between the normal platelet and thrombocytopenia group as well as between the mild thrombocytopenia and moderate thrombocytopenia groups. The baseline platelet count was defined as the platelet count of blood samples obtained before PCI. Elective PCI was performed according to standard techniques with the final decision about the appropriate strategy in each patient left to the judgment of the physician in charge. TR Band™ (TERUMO, Tokyo, Japan) was used as a hemostatic device for all patients undergoing transradial PCI. Manual compression, mechanical compression [CompressAR (Semler Technologies, Milwaukie, USA)], or a closure device [EXOSEAL (Cordis, Miami, USA), Angio-Seal™ STS Plus (TERUMO)] were employed to achieve hemostasis for each patient undergoing transfemoral PCI. Continuous compression using BLEED SAFE (Medikit, Tokyo, Japan) or manual compression was performed for each patient undergoing transbrachial PCI.
Data collection
The patients' demographic information and risk factors (i.e., hypertension, diabetes mellitus, dyslipidemia, and smoking) were recorded. Hypertension was defined as systemic blood pressure ! 140/90 mmHg and/or the use of antihypertensive treatment; diabetes mellitus was defined as fasting blood sugar ! 126 mg/dL, abnormal glycosylated hemoglobin (HbA1c) ! 6.5%, and/or the use of specific treatment. Dyslipidemia was defined as low-density lipoprotein cholesterol (LDL-C) >140 mg/dL, high-density lipoprotein cholesterol (HDL-C) <40 mg/dL, triglycerides (TG) >150 mg/dL, and/or the use of antidyslipidemic agents. Based on the WHO criteria, anemia was defined as a hemoglobin (Hb) concentration (on admission) of <13.0 g/dL for men and <12.0 g/dL for women. Obesity was defined as a body mass index (BMI) ! 25 kg/m 2 . Preprocedural antiplatelet/anticoagulation medications were defined as the regular intake of those medications at the time of PCI (the loading/restart of those medications during/after PCI was excluded). Dual antiplatelet therapy was defined as aspirin plus thienopyridine (ticlopidine, clopidogrel, or prasugrel). Anticoagulants included warfarin and direct oral anticoagulants. Triple therapy was defined as DAPT plus anticoagulants.
Clinical endpoint measurements
In-hospital death was defined as all-cause death during the admission period. Access site-related bleeding complications included pseudoaneurysm, retroperitoneal hematoma, or hematoma/recurrent bleeding at sheath-insertion sites requiring hemostasis to be achieved a second time, surgical repair, or prolonged admission period. Angiographic success of PCI was defined as <50% stenosis without flow delay on final CAG, evaluated according to the American Heart Association classification (7) and the Thrombolysis In Myocardial Infarction (TIMI) classification.
Statistical analysis
Data are expressed as the mean±SD for continuous variables and number (percentage) for categorical variables. The normal platelet and thrombocytopenia groups as well as the mild thrombocytopenia and moderate thrombocytopenia groups were compared using the chi-squared test for discrete variables and the unpaired Student's t-test for continuous variables, according to the standard statistical methods. The odds ratio (OR) and 95% confidence interval (CI) for the risk of access site-related bleeding complications were estimated by univariate and multivariate analyses with a logistic regression model. Significant variables with a p value <0.05 in the univariate analyses were entered into a multivariate analysis. The cut-off value for the baseline platelet count to predict access site-related bleeding complications was calculated by a receiver operating characteristics (ROC) curve analysis. Statistical analyses were performed using Statcel 3 (add-in software for Excel, Microsoft), StatView version 5.0 J (SAS Institution, Cary, USA) for univariate and multivariate analyses with logistic regression, and SPSS 22.0 (IBM, Tokyo, Japan) for the ROC analysis. In all analyses, p values of <0.05 were considered to indicate statistical significance.
Results
Patient characteristics and antiplatelet/Anticoagulant medications
The clinical characteristics and the preprocedural antiplatelet/anticoagulant agents of the normal platelet and thrombocytopenia groups are summarized in Table 1 . The thrombocytopenia group had a higher age, higher frequencies of diabetes mellitus and hemodialysis (HD), and a lower Hb and BMI levels on admission than the normal platelet group. The thrombocytopenia group had a lower prevalence of thienopyridine and a higher prevalence of anticoagulants as preprocedural medications in comparison to the normal platelet group. The distribution of PCI indica- Table 3 shows the results of PCI and the in-hospital prognoses of the normal platelet and thrombocytopenia groups. A significant difference was seen between the two groups in the distribution of the approach sites, while the prevalence of DES usage, and bare metal stent (BMS) usage were similar between the 2 groups ( Table 3 ). The thrombocytopenia group had a lower frequency of 6-Fr guiding catheter (GC) use than the normal platelet group. The angiographic success rate and in-hospital mortality rate of the 2 groups did not differ to a statistically significant extent (Table 3) . Table 4 shows the results of PCI and the in-hospital prognoses of the mild thrombocytopenia and moderate thrombocytopenia groups. The moderate thrombocytopenia group had a higher prevalence of BMS usage and 6-Fr GC usage than the mild thrombocytopenia group. The angiographic success rate and in-hospital mortality rate of the 2 groups did not differ to a statistically significant extent (Table 4) .
Results of coronary intervention and in-hospital outcomes
Access site-related bleeding complications
The frequency of access site-related bleeding complications increased according to the severity of thrombocytopenia (Fig. 1A) . The moderate thrombocytopenia group had a significantly higher frequency of access site-related bleeding complications than the normal platelet group. Even after excluding patients on HD, the prevalence of access site-related bleeding complications increased in the same fashion (Fig. 1B) . Moreover, in patients undergoing transradial PCI, the frequency of access site-related bleeding complications increased in a similar manner to that in the overall study population ( Fig. 2A) , while the tendency was not observed in patients undergoing transfemoral PCI (Fig. 2B) . In order to assess the contribution of the clinical background, risk factors, preprocedural medications, and PCI procedure, univariate and multivariate logistic regression analyses were performed to identify the factors associated with access siterelated bleeding complications during hospitalization. The significant variables included baseline moderate thrombocytopenia (platelet count 50,000-99,000/μL), age, gender, medical history (hypertension, diabetes mellitus, HD, anemia, and obesity), preprocedural medication (DAPT, anticoagulant, and triple therapy), 6-Fr GC usage, and transradial approach. On univariate testing, moderate baseline thrombocytopenia was positively associated with access site-related bleeding complications, while 6-Fr GC usage and a transradial approach were negatively associated with access siterelated bleeding complications (Table 5 ). According to a multivariate analysis, baseline moderate thrombocytopenia was independently associated with access site-related bleeding complications (Table 5 ). Entering baseline thrombocytopenia (mild to moderate) instead of baseline moderate thrombocytopenia into a multivariate analysis indicated that mild to moderate thrombocytopenia at baseline tended to be related to the access site-related bleeding complications; however, the result was not statistically significant (OR 2.257, 95%CI 0.862-5.907, p=0.0972). With the exception of access site-related bleeding complications, there was 1 bleeding complication (intraabdominal bleeding of unknown origin) in the normal platelet group. The results of an ROC curve analysis to determine the baseline platelet count predicting access site-related bleeding complications are shown in Fig. 3 . A baseline platelet count of 159,000/μL was the cut-off value for access site-related bleeding complications (area under the curve=0.625), with 52.6% sensitivity and 75.3% specificity. 
Discussion
The major findings of the present study are as follows: 1) among patients undergoing elective PCI, the angiographic success rate and in-hospital mortality rate did not differ to a statistically significant extent between patients with mild to moderate thrombocytopenia at baseline and patients with a normal platelet count or between patients with mild thrombocytopenia and patients with moderate thrombocytopenia; 2) access site-related bleeding complications increased according to the severity of thrombocytopenia, and patients with baseline moderate thrombocytopenia had a significantly higher rate of access site-related bleeding complications than patients with a normal platelet count; and 3) baseline moderate thrombocytopenia was an independent predictor of access site-related bleeding complications.
This study is the first to investigate the prognostic impact of baseline thrombocytopenia on in-hospital outcomes among unselected Japanese patients undergoing elective PCI in the modern DES era in a real-world setting. A few previous reports have indicated that baseline thrombocytopenia was associated with in-hospital and 30-day mortality in patients undergoing PCI due to urgent indication or STelevation myocardial infarction (2, 3) . Another recent study showed that baseline thrombocytopenia was related to death and cardiovascular events at 1 year, but not at 30 days in patients with acute coronary syndrome undergoing PCI (5). In contrast, among patients undergoing elective PCI, no significant relationship was observed between baseline thrombocytopenia and in-hospital death (2), which was consistent with the present report. A recent report based on the pooled data of 3 PCI studies (1 registry, 2 randomized trials) from Japanese investigators has demonstrated that baseline thrombocytopenia was associated with bleeding events and deaths, but not associated with composite events of myocardial infarction and ischemic stroke during 3 years of follow-up after PCI (6) . Based on the data from the present and previous studies, patients with baseline thrombocytopenia tended to have more adverse prognostic factors, such as diabetes mellitus, anemia, or chronic renal insufficiency/HD, in comparison to those with a normal platelet count (2-6), and careful long-term observation would therefore be required, even for patients with stable CAD, when patients with thrombocytopenia undergo PCI. Taking the higher frequency of HD in the thrombocytopenia group into consideration, HD might be an underlying clinical background factor associated with thrombocytopenia. A previous report from Japanese investigators indicated that thrombocytopenia was more frequent in patients on HD, particularly in the hepatitis C virus (HCV)-positive HD patients, and impaired megakaryocyte production in the bone marrow was an underlying cause of thrombocytopenia in HD patients (8) . Moreover, among the HD patients, the serum platelet-associated IgG titers in the HCV-positive patients were significantly higher than those in the HCVnegative patients, suggesting that peripheral destruction of platelets might also contribute to thrombocytopenia, especially in HCV-positive HD patients (8) . Indeed, HD patients (n=176) had significantly lower platelet counts than the patients who did not require HD (n=1,059) (178±69 vs. 208± 62×10 3 /μL, p<0.001), and the HCV-positive HD patients (n= 18) had a significantly lower platelet counts than HCVnegative HD patients (n=158) (144±51 vs. 182±70×10 3 /μL, p=0.030) among the our study population.
Based on the results of the multivariate logistic regression analysis in this study, moderate thrombocytopenia at baseline was tightly associated with access site-related bleeding complications, but mild to moderate thrombocytopenia at baseline (mean platelet count 122,000/μL) was not. The only available previous report (from Canadian investigators) also indicated that there was no significant relationship between baseline thrombocytopenia (mean platelet count, 124,000/ μL) and in-hospital major bleeding events in patients undergoing elective PCI (2) . In contrast, according to the present ROC curve analysis, despite the small AUC and low sensitivity, a baseline platelet count level of 159,000/μL was the cut-off value for predicting access site-related bleeding complications; this was nearly consistent with the lower limit of the normal platelet range. Taken together, it is reasonable to propose that moderate thrombocytopenia at baseline is a risk factor for access site-related bleeding complications, but that mild thrombocytopenia is not a conclusive risk factor.
From the point of view of hemorrhagic complications, antiplatelet therapy for CAD patients with thrombocytopenia remains a matter of debate. Contrary to the supposition, patients with moderate thrombocytopenia had a higher frequency of thienopyridine therapy or DAPT as a preprocedural treatment in comparison to patients with mild thrombocytopenia, while patients with mild to moderate thrombocytopenia received these medications less frequently in comparison to patients with a normal platelet count. Patients with moderate thrombocytopenia are considered to have not only a risk for bleeding complications, but also stent thrombosis-risk profiles, such as diabetes mellitus or HD (9, 10) . Thus, the early discontinuation of DAPT after stent-based PCI might be inappropriate for patients with moderate thrombocytopenia, and physicians in charge might tend to check the durability of thienopyridine or DAPT tolerance among patients with moderate thrombocytopenia prior to the performance of elective PCI. Moreover, in the present study population, the preprocedural administration of DAPT or triple therapy was not tightly associated with access site-related bleeding complications in the univariate analysis. Taking the in-hospital mortality and angiographic success rates into consideration, DAPT usage might be acceptable for PCI-treated patients with mild to moderate thrombocytopenia, at least during the short term.
The safety and feasibility of DES implantation in patients with thrombocytopenia remains to be elucidated. A recent report proposed that the feasible elective PCI strategies might differ according to the magnitude of preprocedural thrombocytopenia, with the possible use of DESs or BMSs in patients with mild thrombocytopenia, BMSs in patients with moderate thrombocytopenia, and stent-less PCI in patients with severe thrombocytopenia (platelet count <50,000/ μL) (11) . Indeed, patients with moderate thrombocytopenia had a higher prevalence of BMS usage than patients with mild thrombocytopenia in the present study population. However, as shown in the present report, patients with thrombocytopenia are likely to have ISR-risk profiles, such as diabetes mellitus or chronic renal insufficiency/ HD (2-6, 12), and even patients with moderate thrombocytopenia might therefore require DES implantation in realworld clinical practice. In the case of patients with severe thrombocytopenia, stent-less PCI is theoretically ideal, and transradial stent-less PCI using rotational atherectomy followed by drug-coated balloon dilation might be a revascularization therapy of choice (13, 14) .
As far as access site-related bleeding complications are concerned, the advantages of a transradial approach over a transfemoral/transbrachial approach and that of 6-Fr GC over 7-Fr/8-Fr GC have already been established (15, 16) . In the present report, the higher frequency of HD might account-at least in part-for the greater prevalence of the transfemoral approach in patients with mild-moderate thrombocytopenia. On the other hand, a thrombocytopenia severity-dependent increase in access site-related bleeding complications was observed in patients undergoing transradial PCI, but not in those undergoing transfemoral PCI. The number of patients undergoing transfemoral PCI was very small in comparison to the number undergoing transradial PCI; however, there is a possibility that other multiple factors, such as the method used to achieve hemostasis, peripheral artery disease, HD, anticoagulant therapy, obesity, the use of a larger guiding catheter, and female sex, rather than thrombocytopenia itself might play important roles in the pathogenesis of access site-related bleeding complications in patients undergoing transfemoral PCI.
Study limitations
The present study was associated with some limitations. First, this was a retrospective single-center observational study with a relatively small patient population. Second, we did not have detailed data regarding the etiology of thrombocytopenia, loading administration of thienopyridine derivatives before PCI, loading/additional administration of antiplatelet agents during/after PCI, platelet function tests, the amount of heparin used during PCI, or activated clotting time during and immediately after PCI, which may have affected PCI and in-hospital outcomes. Third, "elective PCI for de novo lesion" was not distinguished from "ad-hoc PCI for new lesion or ISR at the time of follow-up CAG." Fourth, we did not have enough data regarding time between the completion of PCI (or the time of sheath removal) and the bleeding time. Finally, there were no data on the methods that were used to achieve hemostasis during transfemoral or transbrachial PCI.
Conclusion
The present study suggests that among patients with mild to moderate thrombocytopenia at baseline, elective PCI might be feasible and effective in the short term; however, more attention should be paid to access site-related bleeding complications, particularly in patients with moderate thrombocytopenia at baseline. The small sample size and short inhospital follow-up period of our report are major limitations, and a larger study with a longer follow-up period should be performed to confirm our findings.
The authors state that they have no Conflict of Interest (COI).
